INTRODUCTION
Keratopathy is the second leading cause of blindness after cataracts [1] . A significant number of keratopathy patients can be cured only through corneal transplantation. The relative immunity "state of pardon" of corneal tissue makes the success rate of corneal transplantation very high [2, 3] . However, as the number of corneal transplant patients increases yearly, the cumulative graft rejection cannot be ignored [4] . In particular, the incidence of postoperative rejection can be as high as 65 % especially when there is high degree of neovascularization due to chronic corneal inflammation [5] .
Toll-like receptor (TLR) is a bridge linking innate immunity and acquired immunity [6] . It is the most widely expressed molecule in the cloned human TLR family, which recognizes most pathogenic microorganisms. In previous experiments, it was confirmed at the gene, molecular and cellular levels that the expression of TLR2 mRNA was significantly increased and transferred to the cell membrane on the 9 th day after corneal allograft transplantation in rats [7] . In the present study, the effect of TLR2 monoclonal antibody on neovascularization and immune rejection after corneal transplantation was investigated.
EXPERIMENTAL Materials
TLR2 monoclonal antibody was from Biolegend Company (USA); TLR2 primary antibody was from Proteintech Company (USA), while antiGoat Ig was from DaKo (Denmark). Forty female Wistar rats (SPF grade), each weighing about 220 g, and 16 female Sprague Dawley (SD) rats, with body weight of about 220 g/rat were raised and provided by the Institute of Model Animals of Nanjing University.
Sixteen SD rats were used as donors, while 32 Wistar rats served as recipients. Allogeneic penetrating keratoplasty model was established [7] in the 32 rats which were subsequently randomly divided into two groups: negative control group and TLR2 monoclonal antibody group, each containing 16 rats. A group of 8 female Wistar rats (SPF grade) were used as the normal control group. This research was approved by the Animal Ethical Committee of Ningbo Eye Hospital (approval no. 20178261), and conducted according to the guidelines of "Principles of Laboratory Animal Care" (NIH publication no. 85-23, revised 1985) [8] .
Establishment of rat model of allogeneic penetrating corneal transplantation
A rat model of allogeneic penetrating corneal transplantation was established according to a previous report [7] . Pentobarbital sodium (3 %, 1.5 mL/kg) was injected intraperitoneally to the rats. Before operation, topiricamide was used twice to fully dilate the pupil. Tetracaine hydrochloride served as topical anesthesia, while normal saline was used to wash the conjunctival sac. The periocular skin was disinfected with anerdian, and sterile gauze was applied.
The operation was performed under the microscope. A diameter of 3.5 mm trephine was used to get the imprinting of the rat cornea, and the corneal graft was punctured with the needle of a sterile syringe. The anterior chamber was successfully formed by injection of a little Aiwei viscoelastic agent into the chamber. Venus shears snipped off the graft along the imprinting mark and soaked in sterile, saline-containing cell culture dishes.
The grafts (diameter, 3.5 mm) were implanted into the graft bed, and 8 -10 stitches were interrupted with 10-0 nylon suture. The anterior chamber was formed by injecting aseptic air bubbles, and the eyelids were sutured, along with application of Tarivid® eye ointment in conjunctival sac. Normal control and allograft corneal transplantation groups were treated with 0.1 mL saline, while TLR2 monoclonal antibody group was given the same amount of TLR2 monoclonal antibody in place of saline. The drugs were injected under the bulbar conjunctiva daily for 5 days. Following the surgery, 0.1 mL of Tarivid® eye drop was applied to the conjunctival sac three times /day (morning, afternoon and evening).
Parameters and scoring criteria
Rejection index was recorded everyday with slit light microscope from first day after the operation. Corneal transparency, degree of swelling, distribution of neovascularization, and the time of corneal rejection were noted, and corneal opacity, edema and neovascularization were evaluated. When the sum of the three indices of grafts was 5 points or more, or the score of corneal opacity reached 3, immune rejection was deemed to have occurred. Histopathological and immuno-histochemical examinations were performed on the 9 th day after the operation.
Eyeballs from 3 rats in each group were fixed with 40 g/L paraformaldehyde solution, and dehydrated and embedded in paraffin. Serial 5-mm sections were prepared. Then, the sections were subjected to Hematoxylin and Eosin (H & E) staining. The first antibody used was TLR2 antibody, while goat-derived anti-mouse antibody was used as the second antibody. Routine Streptomyces antibiotic protein-peroxidase threestep method was applied. Following heat repair antigen, DAB color rendering and sealing, the results were observed and photographed using a confocal microscope (Nikon, Japan). In all the samples, PBS was used as the negative control, with known positive films set as the positive control. A brownish color in the cytoplasm or nucleus was considered as evidence of positively-stained cells.
RESULTS

Rejection
Corneal edema was observed in 5 cases of allograft corneal transplantation at 1 -4 days after operation. Corneal grafts were transparent, and neovascularization began to appear in 2 cases. At 5 to 8 days after operation, the allograft corneal transplantation group showed moderate edema, increased thickness of stroma, hidden iris vessels, and varying degrees of neovascularization in the graft bed, among which 3 cases began to develop new vessels within the grafts. In TLR2 monoclonal antibody group, corneal edema was slight, the grafts were transparent, and there were about 75 % new vessels in the graft bed. At 9 -14 days after operation, corneal new vessels in the negative control group were covered with the whole grafts; the grafts were edematous, opacity was heavy, and the pupils were not clearly visible. In the TLR2 monoclonal antibody group, corneal new vessels grew into the grafts, which were transparent and the pupils were visible. These results are shown in Figure 1 . 
Morphology of rat cornea
At day 9 after operation, the corneal tissue of the normal control group was divided into 5 layers, and the structure of each layer was clear, with loose stromal layer collagen. They were arranged neatly without infiltration of inflammatory cells. In the negative control group, corneal grafts showed varying degrees of edema, thickening, disordered stromal layer structure, visible new vessels in lumen, and a large number of inflammatory cells. In TLR2 monoclonal antibody group, the corneal structure was still clear, and only a few inflammatory cells infiltrated the stromal layer. These results are displayed in Figure 2 . Immuno-histochemical characteristics of TLR2 in rat corneal tissues At day 9 after operation, there were trace amounts of TLR2 expression in corneal epithelium of rats in the normal control group, simple control group and TLR2 monoclonal antibody group. In negative control group, the expression of TLR2 in the corneal epithelium and stromal cells was significantly increased, especially in the stromal layer ( Figure 3 ). 
DISCUSSION
Keratoplasty is the most successful organ transplantation operation, but the occurrence of postoperative immune rejection is still the main reason why the graft cannot survive after keratoplasty [9] . Toll-like receptor 2 (TLR2) is special in the TLRs family, and it is the most widely expressed protein among cloned human TLRs family members. It recognizes the most pathogenic microorganisms and their products. The ligand specificity of TLR2 is relatively broad, mainly because when it combines with TLR1 or TLR6, it forms a heterodimer which can recognize a variety of pathogen-associated molecular patterns (PAMP). These include signal transduction of Gram positive bacteria (e.g. Staphylococcus aureus), lipoproteins, lipids, polypeptides, arabinosanthin (LAM), fungi, mycobacterium, mycoplasma lipopeptide, yeast cell wall, and peptidoglycan (PGN) [10] .
Studies have shown that TLR may be involved in allograft rejection, which is dependent on TLRmediated MyD88 signal transduction [11] . The involvement of TLR in transplant rejection may occur through the activation of TLR and phagocytosis of TLR ligand through endogenous ligand produced by damaged cells. The activation of the secretion of pro-inflammatory cytokines by MyD88 down-transduction signal further promotes DC maturation and expression of co-stimulatory molecules and cytokines, and activation of T cells, thereby mediating transplant rejection [12] . By blocking TLR2-Myd88-NF-KB and TLR2-Myd88-IRF3 pathways, TLR2 monoclonal antibody can alleviate acute rejection after transplantation and prolong the survival time of heart grafts [13] .
The results of the present study revealed corneal edema in 5 cases of allograft corneal transplantation group at 1 -4 days after operation. The corneal grafts were transparent, and neovascularization began to appear in 2 cases. At 5 to 8 days after operation, the allograft corneal transplantation group showed moderate edema, increased stromal thickness, hidden iris vessels and varying degrees of neovascularization in the graft bed, among which 3 cases began to develop new vessels within the grafts.
In TLR2 monoclonal antibody group, corneal edema was slight, the grafts were transparent, and there were 75 % new vessels in the graft bed. At 9 -14 days after operation, corneal new vessels were covered with grafts in negative control group; the grafts were edematous, with heavy opacity, and the pupils were not clearly visible. In TLR2 monoclonal antibody group, corneal new vessels grew into the grafts, which were transparent and the pupils were visible. At day 9 after operation, the corneal tissue of normal control group was divided into 5 clear layers, with loose stromal layer collagen. They were arranged neatly without inflammatory cell infiltration. In negative control group, corneal grafts showed varying degrees of edema, thickening, disordered stromal layer structure, visible new vessels in lumen, and a large number of inflammatory cells.
In TLR2 monoclonal antibody group, the corneal structure was still clear, and only a few inflammatory cells infiltrated in the stromal layer. There were trace amounts of TLR2 expression in corneal epithelium of rats in normal control group, negative control group and TLR2 monoclonal antibody group. In negative control group, the expression of TLR2 in the corneal epithelium and stromal cells was significantly increased, especially in the stromal layer.
CONCLUSION
These results indicate that TLR2 monoclonal antibody exerts remarkable and beneficial effects on neovascularization and immune rejection after corneal transplantation. Thus, it may be suitable clinically for the prevention and treatment of corneal transplantation rejection.
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